The Energy/Water Nexus:
Tucson Electric Power Company has been responsible for providing energy to the greater Tucson area for the past thirty years. They have become a household name and appreciated for successfully and efficiently providing energy for the citizens of Tucson. But one thing many consumers do not realize is the amount of water used to bring energy to their homes. Water is probably not the first thing that comes to much when you think of an electricity company or electricity in general. Every time a Tucson citizen turns on a light, they are also using water, indirectly, to create that energy. The Tucson Electric Power Company has three Tucson sites where they produce energy: Irvington (4 steam units powered by coal, 2 gas turbines), DeMoss Petrie (1 gas turbine) and the North Loop (4 gas turbines). There are also three sites located outside of Tucson, but within the state: Springerville: Springerville Generating Station (4 steam units powered by coal), Nogales: Valencia Generating Station (4 gas turbines) and Kingman: Black Mountain Generating Station (2 gas turbines). When it comes to determining the water usage of a station, gas stations do not use a significant amount of water for it to matter. The energy that is created at these plants is generated by using water. It is estimated that for every kilowatt-hour generated 0.5-0.75 gallons of water are needed for when coal is used. When looking at it on a daily basis or per house hold it would seem miniscule compared to how much water is used for other things, but on a large 
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Navajo Generating Plant P a g e 2 W a t e r / E n e r g y N e x u s V o l u m e 1 , I s s u e 1 750MW generators. Inside each unit is a generator, boiler, turbine, environmental control equipment, and a closed-cycle cooling system. Steam emitted via heated water inside the turbines, drives the turbines. The heat produced is removed via evaporation in six induced-draft cross-flow cooling towers. Coal is provided by the Kayenta Mine, which is transported, by the Black Mesa and Lake Powell Railroad. The station on average will consume 25,000 tons of coal in a given day at full operation.
The water used at the plant is pumped directly from the neighboring Lake Powell. The demand for electricity in the Southwest solidifies the importance of the Navajo Generating Station to its consumers in this region. The power generated at the plant is distributed to six main divisions: the U.S. Bureau of Reclamation at 24.3 percent, SRP at 21.7 percent, LA Department of Water and Power at 21.2 percent, Arizona Public Service at 14 percent, NV Energy at 11.3 percent, and Tucson Electric Power at 7.5 percent. These consumers rely heavily on the plant to provide energy to millions of people across three states. Consequently the Navajo Generating Station is the thirteenth largest producer of greenhouse gasses in the country, releasing more than 19 million tons of carbon dioxide per year, equivalent to more the 3.2 million vehicles on the road. Many studies have been done is recent years to find out the exact effects that the Navajo Generating Station has had on its surrounding environment. Its close proximity to the Grand Canyon, Glenn Canyon Dam, and Lake Powell put many natural ecosystems, as well as humans, at risk.
Water is used to cool electric power plants all over the country including the coal burning Navajo Generating Station plant in northern Arizona. In the Southwest alone over 2,000 Acre-feet of water a day is used for this purpose. Typically the Navajo Generating plant consumes around a half gallon of water per kilowatt-hour of generated electricity. In fact in one year the Navajo Generating Station will consume eight million tons of coal, and a staggering 28,000 mWh of water producing 2,250 mWh of electricity. annual evaporation (Jan 1998-Dec 1999) was 7.5 ft., when multiplied by the lake area gives a total of evaporated water of 9.4 x 10 5 AF/yr. This is slightly less than estimated above from the differences from flow in and flow out, but approximately the same order of magnitude. This water is no longer able to be used; it is consumed by the atmosphere via evaporation from the surface of Lake Mead.
The released water through the turbines to generate electricity averages about 5.2 x 10 6 AF/year which is equivalent to 1.6 x 10 12 Gallons/year. In one year, the water that passes through the dam's 17 generators creates 4.2 billion kWh of electricity or 4.2 x 10 9 kWh/yr, which means that it, requires 381 gallons to pass through the turbines to generate 1 kWh of electricity. If the water lost to evaporation is considered this becomes about 500 gallons per kWh.
The plant generates electricity through a series of energy conversions from the nuclear reactor, heat, steam and propelling the turbines. This process begins with a nuclear reactor, which initiates a continuous nuclear chain reaction. The nuclear fission-taking place in the reaction generates heat, which is used to generate steam. This steam is then used to propel turbines, creating mechanical energy that is then converted to electricity. This process produces little pollution; it is considered a zeroemissions power source. All reactors need to be cooled in order to avoid an uncontrolled nuclear chain reaction. Running water through the system accomplishes this task, which is done by removing the heat from the nuclear reactors, which is supplied with enough water to cool the reactors.
The Palo Verde plant has three independent electricity-producing units, and has a capacity of 3,739 MW. Annually, the plant produces 29250mWh of electricity. The ratio of this electricity generation to water use becomes 2.9 x 10 13 Kwh per 20 billion gallons of treated wastewater, which equals approximately 4.725 x10 8 kWh/acre-feet. When viewed in terms of electricity produced per gallon this is equivalent to 1450 kWh/gallon of water consumed, which makes it a very efficient use of water for generation of electricity.
The Palo Verde Nuclear Generating Station is a unique point of discussion concerning water use and the generation of electricity in Arizona. The plant is located 45 miles west of Phoenix, and generates power for approximately 4 million people in Phoenix and parts of southern California. It is landmarked as the only nuclear power generating station in the world not situated directly on a large body of water. Instead, its cooling features are supplied using reclaimed sewage effluent from the 91st Ave wastewater treatment plant in the Phoenix area. The Palo Verde Plant uses 20 billion US gallons of treated wastewater per year. This composes about 25% of the annual overdraft of the Department of Water Resources Phoenix Active Management Area.
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Arizona Power Service has partnered with Abengoa Solar Inc., a Spanish company, in order to construct Solana, a solar-electric generation plant in western Arizona. Once completed in 2013, Solana will be a future icon in solar generating stations all over the world. The 1,900-acre plant is currently under construction in Gila Bend, Arizona. The plant will be using Concentration Solar Power (CSP) technology and will employ thermal energy storage 2,700 parabolic mirrors will be used to concentrate the suns energy, and transfer it into a heating fluid to raise its temperature to about 735 degrees Fahrenheit. The hot fluid will then transfer its heat energy to water and create steam. This steam will then be used to spin turbines to generate electricity. Afterwards, the heating fluid will be sent back to the solar field. Some of the water that produces the steam will be reclaimed, but most of the steam will be vented into the atmosphere once it has been used to turn the turbines. At select times, the hot fluid will be used to heat molten salt, which will in-turn heat water to create steam even when the sun is not shining. Through this procedure the molten salt can store heat energy for up to six hours and electricity can be generated even at night.
The 280,000-kilowatt power plant will generate power for over 70,000 homes in Arizona. This facility will generate 600 million-kilowatt hours of electricity per year and will use 0.928 gallons of water for every kilowatt-hour of electricity generated. This means Solona will consume a total of 1,710acre-feet of water per year, the same amount of water that 4,000 houses would consume in one year. The power plant claims it will use seventy five percent less water than the current agricultural use of the land. The plant will draw water from deep aquifers and because groundwater rights belong to the landowners, water will be readily available for the plant. The possibility of using treated wastewater is also an option that is being evaluated. Solona will also produce no greenhouse gasses and will prevent 350,000 tons of CO 2 from being emitted into the atmosphere every year if burning fossil fuels generated the electricity.
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In 1980, the Groundwater Management Act (GMA) was passed to set restrictions to the amount of groundwater that could be pumped. Active Management Areas were established to manage groundwater pumping. This water is treated up to a greater extent as compared to the system wide total water.
Phoenix is able to use several different resources that surround it in order to supply enough water to the city. The Phoenix water supply comes mainly from two different places the Salt River Project and the Central Arizona Project. The Salt River Project gets the majority of its water from the Salt and Verde Rivers. The Central Arizona Project gets its water from the Colorado River. It can also be noted that a small portion; less than 20,000AF of Phoenix's supply of water comes from wells, or groundwater. The water that is in the wells is distributed amongst the city in a complex system which requires energy.
The exact amount of energy used to transport the water to Phoenix has been hard to find. What has been clarified is that the Salt River Project does not use a lot of electricity to transport its water because the distance from the water sources to the water plant is downhill. But, considerable water is loss to evaporation from the reservoirs on the Salt and Verde Rivers. On the other hand, the Central Arizona Project uses 1,428 kwh's to pump 1 acre foot of water from the Colorado River to Phoenix.
The amount of water the city of Phoenix is using has started to decrease over the years. In 2003 single family residential use was 143 gallons per day per family, system wide-potable was 197gallons, and system-wide total was 217gallons. By 2008 water use started to decrease where the single family residential water use was 123 gallons, system wide-potable was 173gallons, and the system-wide total was 184 gallons. It can be noted that the system-wide total water figure is the total amount of drinking water in the city, while system wide potable water is the amount of water treated up to a certain degree and can be used for every single purpose in a city.
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